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tntroducti w, 
9 ic rob ia l  Zamaunity of A l u m  Rock Spring F i e l d  S i t e  
The  microbial c o m m u n i t y  o+ P l u m  R@ck sulfur spring site 3 warn 
studied along one branch of the main stream and between the t w o  
branches, 150 c m  d is tan t  from the swrce. T h e  community a t  the mxrce 
(sample J )  was dominated by areem su l fu~  photosynthetic b a c . t r i a  cr4 
the genus Chlorobzus. A t  15-3s cm from the source { s a m p l e s ;  I and 
H) dominance i n  the c o m m u n i t y  s h i f t e d  to the genus F Z e x z b a c t r r  at 
the surface o+ the m a t  arzd purp.9 sulfur bac ter ia  of the genus 
&brorafzua undwnasth. A i  50-80 cm Cciampler G and F) cola#'less 
sul fur -ox id iz iny bacter ia  of the genus ThioWris beqan 'io appear. 
A t  100 to ASO cm (samples D and E), t h e  surSace of the m a t  w a s  stkll 
dominated by F i a : z k a c t e ~  but underneath dcdnanca shifted t o  
purple sultur bacter ia  as above, as well as cyormbariceria of tne genus 
QsciZlatoria and Pseudonabaena. Tho meaRurements of 
tcmperatur e aiony the stream showed nc a ign i  f i ccn t  graaimt . kJe 
bel ieve t h a t  znmauniky variations are r u i i t r o l l e d  more by sulfide thar~  
temperature. We temperature a?ong the stt-zam was 29% at 
positions J 0nd I ,  and 28oC at pos i t ions  E and D. kt p o s i t i o n  
L, w h i c h  was shaded, the temper-atu; e dea-eased to 39%. 
Ten  m i  of the ovelciying w a t e r  w e r e  t a k e 3  at Pos i t ion  G and f i x e d  
immedistely w i t h  20 m1 of 2 percent fn-acetate to determine t h e  
s u l f i d e  concentration by the methylene blue method. A s u l f i d e  
concentrat on of 106 utyl ~ a 5  caiccllated f o r  the Qvcr-lying water. 
IsclstJ on of Cyanobacter i a  
Samples from posi t ions E and L of the A l u m  Hack s u l f c i r  sprirrg 
site 3 were taken to isalate cyanobactwia. T h e  samples w e r e  placed 
0 1 1  aqar plates (containing the standard mineral medium EtG 11 and 2 
peccerit agar) and incubated at 27°C a t  a lioht i n t e n s i t y  o f  
15-20 uE m"= sec". Af ter  3 Jays s ing le  
cyanobacterial colonies were t ransferred onto f resh pia' 9s and t h e  
mi croocgani sms were stud3 ed under the mi croscope. T h i s  pracedure was 
repeated several times, unkil only a s ing ig  cyanobsctrium species w s 5  
detected by microscopic observations. F r o m  pos i t j an  E en 
3sc i lZa torza  Species. 5 urn in width, w a s  i so la ted  :with some 
k t e r  otraphi c bac t e r  i a 1 . 
The Ds=;llatoria sp. w a s  t ransferred f r o m  t h e  plates LG 10 s i  
of l i q u i d  EG 11 medium and grown for  5 days andar the sarm condrt ions  
as descrioed abow for  the plates. Then 5 m l  of t h i s  prerulture ware 
trans{.et-r-ed t o  lac ml of l i q u i d  BG 11 medium and allowed to grow iw 5 
days. Some dr->ps  of th is  cu l tu re  suspenszon were mounted an an agar 
slide as a preperetimi far photmicron aphs using a 77i5e 
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Fho tomic roscope  11. The f i l a m e n t o u s  c y a n o b a c t e r i u m  Uscrlls~orzn 
is i l l u s t r a t e d  i n  F i g u r e  IV--l?a. lo d e t e r m i n e  w h e t h e r  t h e  o r g a n i s m  
c o n t a i n s  phycocyaitin,  an e p i f  luor s s c e n c e  m i c r o s c o p e  w i t h  a 550 nm 
i n t e r f e r e n c e  f i l t e r  for the e x c i t a t i o n  l i g h +  and  a c u t - o t f  t i l t e r  at 
680 nm for the emitted light: w a s  used. the red color i n  t h e  
cyanobacterium is d u e  p r i m a r i l y  to e x c i t a t i o n  of phycoc.yanin. 
Syaachocyrtis did not grow in a l i  quid medium. For 
pho tomic rographs ,  snme c o l o n i e s  of Synechoc ystis were t&en 
d i r e c t l v  from t h e  ayar plate and mounted on an aqar s l i d e .  The  
murghology is shown i n  F i q t r r e  IV-19b. The p r e s e n c e  of phycocyanin  in 
Synechocystzs as detected by its red color is  also demonst.rated bv 
tha use nf a n  e p i f  l u o r e s c e n c e  mic roscope  { F i g u r e  IV -19d)  I 
Materials and Methods 
C u l t u r e  Medrum f o r  Cyanobacteria 
For t h e  c u i t i - a t i o n  of cyanobactwia, the m i n e r a l  medium. Elj  i l l  
des r . r ibed  b.,‘ t?.opks et al., (1979)  w a s  cased. 
I-~’placed bb @Sum Rock s p r i n a  w a t e r .  
bG I?. W ~ P ~ Z C I I A  a i l  1i;c-j 
D!stillrtd w a t e r  W ~ C ,  
I 
\ 
fifter a u t c x l a v i n g  anr! cuoling, tile m e d i u m  had a pH ~t 7.4. F a r  
aerobic growth  of cvarrobarteria a 2SG in1 E r l e r r m e ~ e i -  t l a r l .  ccrir,.ir:ing 
100 rsl of meditirn w a s  used. 
For the enviclment and izialaticb-. of tya?obacteria on zolxd medij. 
20 9 01. agar were added to t h e  20 i i  ;nediun. 
Carrrposi tion c i  Trace Element So3u:ion 
iRippka et al., 1979) 
. OQllGLeYAL QAQE’tS 
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Ariaerubi c Grcrwth ot C y a n u b a c t e r  i a i n  the  Presence of Sui f 3 r,e 
k n a e r o b i c  g r o w t h  i n  the p r e s e n c e  of s u l f i d e  o t  i s o l a t e d  
c y a n o b a c t e r i a l  s t r a i n s  f r o m  Alum R o c k  s u l f u r  s p r i n g s  w a s  a c h i e v e d  i n  8 
in1 sc rew-cap  test t u b e s .  The t u b e s  c o n t a i n e d  t h e  s t a n d a r d  P G  1 1  
medium d e s c r i b e d  a b o v e  a n d ,  i n  a d d i t i o n ,  d i f + e r e n t  c o n c e n t r a t i o n s  o-f 
s u l f i d e .  Each of t h e  t u b e s  w a s  i n o c u l a t e d  w i t h  1.5 m l  f a k o u t  20 
p e r c e n t )  of an a n a e r o b i c a l l y  grown l i q u i d  c u l t u r e .  
F r . e p a r a t i o n  o f  a S u l  t i d e  Stock S a l u t i o n  (6.25 mM) 
(Mad i t i c : ;  After Ffennig and  T r u e p e r ,  19811 
Na&. 9Y.2Q 
Na22U3 
Di st i 11 ed w a t e r  
The sol u t i  on  w a s  a u t o c l a v e d  and  af  t.er cool i ng w a s  p a r t i  a1 1 y 
n e u t r a l i z e d  w i t h  Z I T I ~  of a s t e r i l e  ZP1 H&Os so l1 . t t lo r t .  
( T h e  c a r b o n a t e  was added to increase the  growth y i e l d  cjf t h e  
c y a n o b a c t e r i a . i  
C u l t u r e  Medium .'.cr T i ; .  o k h r i s  
Fcr the e n r i c h m e n t  and  lsoA . ( t i a n  of Thiothr2.v  s p e c i e s  04 A l L m  
Rock s p r i n g  on agar p lates ,  1 c s e d  the f c r l l owlny  medium [Wiessner, 
1931) : 
Fer 1 l i ter:  
A d  just  t h e  pH oG t h e  medium tu s b ~ c i t :  I. i t
Important: F'eSa4 arid EDTF, m u s t  be  n)i>:ed separate ly  and 
added  t a  t h e  medium a f t e r  a short p e r i o d  of  bc r i i i ng .  
2~cl t u r - e  M e d i  u n i  $ar F 1  rxibai tier2 urn. 
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For the enrichment and isolation of Fiexibacteria species of 
Alum Rock sulfur springs only agar plates were prepared. The medium 
used wa5 Number 27; Vy/2 agar medium (Reichenbach and liwarkin, 1981). 




Cyanocobal ami ne 
0.5 g 
0. 1 g 
1.5 g 
50 ug 
pH is adjusted to 7.2 
Absorption Spectra of Cyanobacterial Chlorophyll 
Absorption spectra w e r e  determined in a Varian Techtron double 
beam spectrophotometer model 635, cannected to a recorder. 
I n  v i vo  spectra w e r e  obtained by  suspending cell material in 
50 oercent sucrose to avoid settling of whole cells in the cuvette. 
I D  vitro spectra of chforophylls were obtained by extracting w e t  
cell material either in 1 0 0  per cent methanol or acetone. The cell 
materia: was harvested by centriiugation (12,000 rpm for 10 minutes) 
in a Sorvall RC2-B. To the pellet, 5 m l  of methanol or  acetane were 
added and then allowed to stand in the dark  at 4°C fo r  10 
minutes before the suspension w a 5  centrifuged the same way a second 
time. The supernatant was used to datermine the absorption spectra OF 
extracted pigments. All spectra were recorded in the range of 750 nm 
to 350 nm. 
FiEld Experiments with Oxygen and Sulfide Microelectrodes 
To stud) the microprof i le of oxygen and sulfide in an Alum Hock 
sulfur spriny (see profiles o f  salt ponds and marsh site) handmade 
microeiectrodes (F ig .  I V - 2 )  were attached to a micromanipulator which 
wa5 held in place on a stand. Frofiles were obtained with 
microelectrodes from the overlying water crnd f r o m  t h e  microbial mats, 
with measurements taken at 100 um or 250 urn incretnants. In 
addition, in the overlying water, sulfide concentration was determined 
by the methylene blue method (below) and oxygen was detei-mined using 
the method of Winkler (below). 
Sul-iide Determination by the Methylene Blue ilethod 
Determinatian of sulfide used the methoa of Pachmayr (lciuili a5 
modified by  Truf.per and Schlegel (19641. 
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'The a55av was done in 1OC) m f  v o l u m e t r i c  f l a s k s  which c o n t a i n e d :  
10 ml Alum R o c k  s p r i n g  water 
20 m l  2 p e r  cent Zn-acetate- 
10 m l  DMPD-solutionb 
C.5 m l  FAS-solu t ion= 
f u r  p r e p a r a t i o n ,  see below 
T h i s  r e a c t i o n  m i x t u r e  was shaL.er1 v r y u r u u s l y  and a1  lurrecl t o  s t a n d  
for  lii m i n u t e s  a t  r o o m  t e m p e r a t u r e .  The Clasl: w a 5  t h e n  t j l l e d  up t o  
1+30 ml with d i s t . i l l e c i  w a t e r .  T h e  a b s o r p t i o n  w a 5  measured  a t  67c'i nm 
a g a i n s t  a b l a n k  w i t h o u t  A l u m  Rock s p r i n g  w a t e r - .  
a)  Z n - a c e t a t e :  20 g Z n - a c e t a t e  w e r e  d i s s o l v e d  in 1Oi;rCi m l  d i s t i l l e a  
w a t e r -  a n d  1-2 drops of acet ic  a c i d  were added .  
b )  DMPD: 2 g dimethyl-p-phenylene-diamine c l i l a r - r d e  wer-e s u s p e n d e d  in 
200 ml d i s t i l l e d  water. Then 2Od ni l  o f  c o n c e n t r a t e d  
HzSO4 were caref  ~ i 1  1 y added .  Di sti 11 ed  w a t e r .  was added 
t o  m a k e  a 1 l i ter  s o l u t i o n  which ws.5 stored i n  a 1Wa m i  v o l u m e t r i c  
f 1 ask wraoped wi t h  a1 umi nitm f ai 1. 
C )  FAS: 50 g NH4Fe/S04)=. 12H2, were 
d i s s o l v e o  100 ml d i s t i l l e d  water b y  a d d i n g  l i r  m l  c o n c e n t r a t e d  
&&04. Ttie solitti  on w a s  t h e n  f 11 1 ed up to  50'.)Q m i  w i  t h  
d i s t i l i e d  water- and kept i n  a 500 m i  vo lu i ae t ? - l c  i iask wrapped w i t h  
a1 unri n t i m  + u i  1 - 
Results 
attempt t o  enrich or i s o l a t e  T h ; ~ t . h r i ~ .  or F : e ~ : z i - . , x i . c ~ r  
f rom Alum Roc sulfur s p r i n g  cm agar p i  ate= was siiccersfctl . 
Absorbance  S p e c t r a  0.f 1 ~ ~ 1  atr-cl Cyanobacteri a 
To d e t e r m i n e  t h e  c o m p G s i t i o n  of t h e  p igmer i t s  + r u m  the i s o l a t e d  
c y a n o b a c t e r i  a s t r a i n s ,  a b s o r h a n c e  spectra  were t a k e n  f .r -oni  44hol e (re! 1 s 
or - : : t r a c k e d  p igmen t  p r e p a r a t i o n s .  Three maJor groups ut p i q m e n t s  are 
nor-niallv p r e s e n t  in c v a n o b a c t e r i a :  c h l o r u p h y l l  a ,  b i  l ipr -o .Lc ir i s ,  a i d  
c a r o t e n o i d s ,  The in v i v o  s p e c t r u m  ( F i g .  1"-20) o f  the i s o l a t - e d  
Oscilla&oria s t r a i n  shows marina at 6E40 nm arid 455 r i m ,  1 n d i r i a t I n q  
c h l o r o p h y l l  a {for  i s o l a t e d  S y n r c h a c y s t . z s :  i&5 n~li arid 445 
nm, F i q .  f V - Z l i ,  a t  632 nm i n d i c a t i n g  pi7:'cac~;:ariIn ifor- 
S y n e i h o i y z t i s  a t  A 3 2  nrnj arid at 4tl8 r i w  i n d i L a t i n g  c ~ - o t e n o i d c  
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Figure IV-20. Absorbance s p e c t r u m  of Oscillatoria. 
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Figure IV-21. Absorbance spectrum of Synrchoc ystis. 
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i l l u s t r a t e d  i n  F i q u r e s  I V - 2 2  and 24 for Oscillaeoria arid +or 
S Y ~ ~ C C ~ O C Y . S ~ : ~ S  zn F i j u r c s  IU--23 a n d  25. 
Anaer-abic  Gr-awth of G s c 2 l l a t o r 2 a  i n  t h e  P r e s e n c e  of  S u l f i d e  
Some r y a n a b a c t c r i a  p e r f u r m  o x y g e n i c  or a n u x y g e n i c  p h o t o s y n t h e s i s  
i n  t h e  p r e s e n c e  uf s u l f i d e .  C y a n o b a c t e r i a  at: Alum R o c k  s u l f u r  s p r i n g s  
may be a b l e  t o  c a r r y  out p h u t o s y n t h e s i s  when s u l f i d e  is p r e s e n t .  
A t t e m p t 5  w e r e  made t o  d e t e r m i n e  how i so l a t ed  Q s c i l l a t o r i a  qrow 
u n d e r  a n a e r o b i c  c o n d i t i o n s  w i t h  d i f f e r e n t  s u l f i d e  c o n c e n t r a t i o n s .  The 
a n a e r - o t i c  g r o w t h  e x p e r i m e n t  w a 5  c a r r i e d  out a s  d e s c r i b e d  i n  t h e  
Methods  i.,ect.ion. The s ~ t l t i d e  c o n c e n t r a t i o n  r anye t i  f rom 0 t o  4 mM. 
The control  c :onta ined  n o  s u l f i d e .  F o r  aerobic q r o w t h  c o n d i t i o n s ,  one 
-xt-cw-cap test tube c o n t a i n e d  o n l y  1.5 m l  of: t h e  ce l l  s u s p e n s i o n  a n d  5 
m l  of the  BG 1 1  medium. 'The i n o c u l a t e d  Q m l  s c r e w  c a p  test t u b e s  w e r e  
i n c u b a t e d  for 5 days a t  27OC and 15-20 uE in-2 
sec-l. The resu.lk is shown i n  T a b l e  I U - 7  (see e n d  of p r e c e d i n g  
s u b c h a p t e r ) .  
ljurinq the 5 days a f t e r  t h e  Inocula- : ion  p e r i o d  t h e  y e n e r a t i o n  ot 
a g a s ,  p r r !bably  oxygen,  was o b s e r v e d  i n  t h e  c u l t u r e  t u b e s  c o n t a i n i n g  0 
t u  O.Of i11M s u l i  i d e .  Under t h e r e  g r o w t h  c o n d i t i o n s ,  i i s c i i 1 a t : o r i a  
hao a dark; qr-een co lor  and showed v e r y  good gr-owth at t h e  b o t t o m  of 
the cultut-e tutles. A t  hicJl)et- 'suif  i d e  c o n c e n t r a t i o n s  !from 0. 1 t o  1 
cnMj t h e  i o l o r .  f>i the c : u l t u r e  W ~ C  m o r e  o r  less l i g h t  g r e e n  and  t h e  
or9ariism.j  Cormed a t h i n  lL.yer 1 : r o m  the bottom t o  t h e  s u r f a c e .  The 
c c t i t u r e  esposed t c r  4 In11 s u l f i d e  d i d  r i o t  qrow, sank down t o  t h e  b o t t o m  
of ttie tube, and showed a ye l low-browni sh  color t w o  d a y s  a f t e r  
ir ioculat . ioi-i .  Whether  t h i s  O s c i l l a t o r i a  s t r a ?  ri shows  t h e  s a m e  
behaviour c o r i c e r n i n q  p h o t o s y n t h e s i s  f o u n d  f o r  O s c z l l i a t o r i a  
iianet~ca +rum Solar  Lake r e m a i n s  t o  be s t u d i e d .  
t l l c r o p r - o + i l e  o f  an A l u m  Rock S u l f u r  Spr- ing  
The di i ; t : r - ibut ion  o f  s u l f . i c l ~  and  oxyqen i n  t h e  o v e r l y i n g  w a t e r  and  
m i c r o b i a l  mat a t  Alum Rock s p r i n g  s i t e  2 w a s  measu red  w i t h  handmade 
micr-oelectroc1e.i.  T h i s  s u l f u r  s p r i n g  w a s  c h o o s e n  f o r  m e a s u r e m e n t s  
because i t  was easy t o  p l a c : ~ !  the t r i p o d  w i t : . ;  t h e  micrc3manioci la tor  and  
n i i c r .oe i ec t ruc l e s  directly i n  i ' r -ont  ot  t h e  s p r i n g .  S i n c e  t h e  m a t  o f  t h e  
5pr i n q  was qr.owing on r7 v e r t i c a l  rock x u b s t r a t e .  i t  was n e c e s s a r y  t o  
inrz.er*C- t l ~ c  i i1 ic : ror lec t rQdes  mure or less h o r i z o n t a l l y  i n t o  t h e  m a t .  
T'hrec p t - t J + i  lcs (3t 0::yger.i ai-id s u l f i d e  w e r e  t a k e n  a c r o s s  t h e  s p r i n g ,  
d-1t.j c m  d C J W n  f r - o m  t h e  t o p  O F  t h e  50urco.  'The m a i n  str-earn i n  t h e  
rniddlc-? cjf the s p r i n g  nad a w h i t e  color- and  t h e  community was 
compar-able  to t h a t  of. s p r - i n q  s i te  3 at p c x i t i o n s  t i  and J. The b o r d e r s  
crn b o t h  sic~es of the  main stream had  d a r k  g r e e n  color and  t h e  
comcunxty  w a s  n e a r l y  t h e  came a5 t h a t  d e s c r i b e d  +or porj i t iol-rs  C and D 
(.It t he  s p r i n g  s i t e  3. In  the  o v e r l y i n g  w a t e r  t h e  s u i f i d e  
coricentr  a t  i Cjri was d e t e r t n i  ned  tty t h e  m e t h y l e n e  b l u e  method (sc>e Methods 
section above) along t h e  5trear11. From F i g u r e  IV-26 i t  c a n  be s e e n  
% h a t  t h e r e  is 3 d e c r E d s e  i n  s u l f i d e  c o n c e n t r a t i o n  f r o m  t h e  t o p ,  a t  t h e  
socirce, t o  t.he tottotfi. L i q h t  i n t . e n s i t y  d e c r e a s e s  from 60 U E  
m'-" sec-' at the tap to 50 dC m-'" 
5eis'-* at khe but.tc3{11. F r o m  t.he tup  tu tl-tu gr-ound ther-a is a 
Lr 
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FiQdre  IV-22. Absor; anca spectrum of UscillaCorie. 




750 650 450 
Figure IV-23. Absmbance spectrum of Synachocystis. 
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Figure IV-24. Absorbance spectrum of Oscillcforir, 
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Figure IV-2!5. 4Mmorbmcrc spectrum of Synachocystfs. 
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Figuro IV-26. S u l f i d e ,  l i g h t  in tmmi ty ,  pH, and tmmpmrature i n  the  
main rtrean of Alum Rock ( a t  rite 2). A i r  temperature 












Figure IV-27. Oxygm and sulfide i n  the main atreu and at microbial 
u t  h h i t m ) .  ( A l u m  Rockq s i t s  2; 10 em below top of spring). 
p " S2-g A- = 02 
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Figure IV-28. Cbtygori and rulfido in tho ovwlying water urd 
microbial m a t  (bwdof of tho m r i n  stream, grHn).  A l u m  Rock, 
site 21 10 c m  ti low top of spring. 














. Figuro IV-29. Owyqm 8nd sul+ido at 8 microbial  r a k  (border of tho 
main streak; grrm). Alum Rock, site 26 5 cm below top a# 
upring. 
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temperature di f ference o f  2%. The pH increases from 6.2 t o  
6.37. I n  the over ly ing water of the main stream (white co lor  of  the 
mat), an enormous increase i n  s u l f i d e  was; measured w i t h  depth, whi le 
i n  the mat a low decrease was measurable (Figure IV-27). By contrast, 
the oxygen concentration decreased r a p i d l y  i n  tho f i r s t  500 urn of 
the mat. One explanation for  t h i s  steep decrease i n  oxygen i n  th is  
pa r t  of the mat i s  tha t  a predominantly heterotrophic community i s  
present, w i t h  only a small number of cyanobacteria producing oxygen 
during photosynthesis. The other p r o f i l e s  were taken a t  the  border of 
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tnats (Fig. IV-28 and 2 9 ) .  The oxygen concentrat ion decreases very 
slowly during the f i r s t  500 um of depth because of the  oxygenic 
photosynthesis a c t i v i t y  of cyanobacteria, the dominant organisms a t  
t h i s  par t  of the spring. The s u l f i d e  concentrat ion i n  the mat 
increases w i t h  deptb w h e n  oxygen decreases. 
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